A method to generate long-lived isomeric states effectively for Mössbauer applications is reported. We demonstrate that this method is better and easier to provide highly sensitive Mössbauer effect of long-lived isomers (>1ms) such as 103 Rh. Excitation of (γ,γ) process by synchrotron radiation is painful due mainly to their limited linewidth.
Introduction
We report the experimental observation of effective generation of Mössbauer emission by bremsstrahlung excitation and its particular Mössbauer effect. Since Mössbauer discovered the recoilless photon emitted from nuclei in 1958 [1] , over a hundred isotopes have been investigated mainly using radioactive decay. Among them, 67 Zn has been considered to be one of the most sensitive isotopes producing the Mössbauer effect [2] . The natural linewidth is defined by the 
which is assumed due to various impacts affecting the nuclear state. Γ of 67 Zn approached an ultra-fine level of 75 peV corresponding to a Q-value of 10 15 to these 93 keV Mössbauer quanta [2] .
Here the Q-value is Zn in many aspects, it was never successfully applied due to many problems, i.e., poor efficiency of generating Mössbauer photon from β decay, inner bremsstrahlung induced from β decay, and high internal conversion coefficient [3] . By choosing isotopes for experiments, the measurement sensitivity and the ease of measuring process are two issues of particular concern. In this work, we report a method that successfully addresses these two issues. As considered at the beginning of this study, the sensitivity increase is meaningless, if new methodologies have not been developed. Rh at room temperature leads us to think that many of these obstacles are not insuperable, which opens up new paths for story. A good and easy-to-operate source becomes the major step for our future study.
Excitation by bremsstrahlung
A direct excitation with synchrotron radiation (SR) to generate Mössbauer photons with (γ,γ)
process was suggested by Ruby in 1974 [4] . Ten years later, the excitation of 57 Fe was carried out at the DORIS ring [5] and later became the well-known nuclear resonant scattering. Leupold et al.
summarized the experimental results for many isotopes other than iron studied at the third generation synchrotrons such as ESRF, APS, and Spring 8 [6] . The most sensitive sample of their studies was
181
Ta which was reported with less Γ comparing to the radioactive samples prepared by ion bombardment. This observation is extremely important for the long-lived isomers; otherwise their natural linewidths would no longer contribute to the sensitivity. In any case, to increase the number of the photons in the excitation band is the baseline of an accurate measurement, but this flux increase is limited by . achieve isomeric excitation? Coulomb excitation [7] , (γ,γ') of the bremsstrahlung excitation [8] [9] [10] [11] , (γ,γ') of the photo-activation [12] , and (n,γ) of the neutron excitation [13] are possible methods.
Neutron excitation has the complication of generating radioactive isotope [13] . Two methods of (γ,γ') are considered to be more suitable for our application, since coulomb excitation generates more heat 
Experiment and results
We have carried out the isomeric excitation of 45 Rh using a 6 MeV standing-wave linac as the bremsstrahlung source [15] . The silver sample is a 999-purity φ-5cm coin of 3 mm in thickness and its natural abundance data are shown in Table 1 Cd source.
Gravitational impact

103
Rh is chosen for our experiment of gravitational redshift due to its reasonable Lamb-Mössbauer factor at room temperature [15] . Here, we want to point out that the reported second order Doppler effect shall inhibit the resonant absorption [16] . Nevertheless, the Lamb-Mössbauer factor of rhodium at room temperature still exists from this extraordinary observation. The HPGe detector of CANBERRA BE3830 mounted on an in-situ object counting system is selected for our purpose, since it performs the freedom of setting any measurement angle corresponding to gravity (Fig. 2) . However, Mössbauer photons decay faster (4712 ± 22 s). Speed-up decay of Mössbauer photons was found in series of experiment [15] , by promptly rotating the detector from Fig. 2b to Fig. 2a .
This enhanced decay is a function of excitation density as well as configuration corresponding to gravitation [15] . The anisotropic internal conversion rate demonstrates the anisotropic emission in two positions as shown in Figure 2 . Through detail examination of the pile-up peaks in Figure 1 , we found that the triple pile-up does not obey the statistic rule of photons [18] . Most of the observations including gravitational effect in the previous report [15] are related to this particular mechanism. The in-depth report on this new phenomenon is detailed in [18] . 
